Aim: Elderly individuals face the risk of reductions in saliva secretion and occlusal force caused by systemic diseases or medications that can eventually result in malnutrition and systemic complications. We tested the hypothesis that regular gum chewing exercises (GCE) would enhance saliva secretion and occlusal force in an elderly population.
Introduction
Saliva secretion has several protective functions in maintaining oral health; it prevents dental caries and periodontitis with antibacterial enzymes and immunoglobulins, aids digestion through digestive enzymes, and lubricates food during chewing for optimal bolus formation. 1 In elderly individuals, saliva secretion is reduced by salivary gland disorders, systemic diseases, medication, oral breathing and other factors, resulting in xerostomia. 2, 3 Xerostomia subsequently causes difficulties in mastication and swallowing, and eventually requires changes in nutritional status. 4, 5 Xerostomia also drastically worsens oral hygiene. In such cases, pathogenic aerodigestive secretions from the oral cavity might lead to aspiration pneumonia. 6 Saliva secretion is also strongly associated with occlusal force. Several studies have shown that gum chewing promotes saliva secretion from the parotid glands and improves occlusal force in healthy young adults. [7] [8] [9] [10] In elderly individuals, the association between posterior occlusion and unstimulated saliva flow rate has also been reported. 11 The function of masticatory Accepted for publication 28 September 2015.
muscles diminishes with age. 12 Decreased masticatory muscle activity with tooth loss in older adults significantly limits the range of edible foods and further exacerbates malnutrition, leading to severe systemic complications and a poor prognosis. 13 However, there is little known about the relationships between the gum chewing, saliva secretion and occlusal force in elderly individuals.
Plesh et al. reported that an increase in gum hardness was associated with an alteration of occlusal force in young adults. 8 Upregulated sensation of the periodontal membrane, and peripheral sensory input from proprioceptors and temporomandibular joint with increased gum hardness were thought to be the contributing factors. To our knowledge, no such studies have been carried out in older adults, and thus it is unclear what load is appropriate for gum chewing exercises (GCE) in this population.
Given that chewing ability typically decreases with age, we used the hardness of commercial stick gum (1.55 N) as a reference to develop two types of test gums: soft and hard gums. Chewing gum over a period of time also alters regular chewing habits and increases the number of chewing cycles in healthy young men. 14 Although the effects of gum chewing on saliva secretion and occlusal force are known in healthy young adults, those of regular gum chewing in older adults remain undescribed.
If both types of test gums were available for GCE in older adults including xerostomia, it is clinically important to show which is more effective. To this end, we tested in the present pilot study whether GCE improve saliva secretion and occlusal force in communitydwelling elderly individuals.
Methods
The present study's protocol was approved by the institutional review board of the Showa University School of Dentistry (Approval No. 2012-016).
Preliminary experiment
Based on an assumption that older adults are not accustomed to gum chewing, we examined the suitability of test gum properties and chewing methods in this preliminary experiment.
We used the hardness of commercial stick gum (1.55 N) as a reference to develop two types of test gums, namely, a soft gum (1.25 N) and a hard gum (1.80 N). Rheoner II Creep Meter RE2-33005 (Yamaden, Saitama, Japan) was used to measure hardness at a measuring speed of 1 mm/s, sample thickness of 10 mm, contact surface diameter of 15 mm and contact surface area of 176.6 mm 2 . On deformation with distortion rates ranging from 0 to 90%, we measured stress at a distortion rate of 50%. The amount of gum used was equivalent to that of a normal stick of gum (2.0 g). Participants were instructed to close their lips and chew rhythmically with the molars for 5, 10 and 15 min, alternating between 10 times on the left and 10 times on the right. The pace of chewing was controlled at once per second using a metronome.
Nine community-dwelling older adults (mean age 78.0 ± 4.3 years; 2 men and 7 women) participated in the preliminary study after providing written informed consent. Those without bilateral posterior occlusion in the absence of dentures were excluded. Using the aforementioned chewing methods, participants chewed a soft gum and then a hard gum for 5, 10, and 15 min each. After this, they responded to a questionnaire regarding "gum hardness" and "chewing time." Each of these parameters was measured on a five-point scale (1: very bad, 2: bad, 3: normal, 4: good and 5: very good). Table 1 summarizes participant responses regarding "chewing time" and "gum hardness" after chewing soft and hard gums. Both gums scored 3 (normal) or above for 5 min, and 3 or less for 10 and 15 min. These results suggested that both soft and hard gums are suitable for use in chewing exercise that lasts for 5 min in elderly individuals.
Participants
A total of 12 community-dwelling older adults (mean age 77.8 ± 4.6 years; 3 men and 9 women) participated in the present study after providing written informed consent. They were not regularly taking any medications known to cause xerostomia, and had bilateral posterior occlusion when not wearing dentures.
Procedure
The properties of the gums are shown in Table 2 . The participants were first instructed to chew the soft gum Table 1 Summarizes the breakdown of the responses regarding the "hardness" and "time chewing" after chewing the soft and hard gum 14 Next, we instilled a 2-week rest period wherein participants were instructed not to chew gum. The participants were then instructed to chew the hard gum every day for 2 weeks (i.e. GCE with a hard gum [GCE-H]). Both GCE were carried out twice a day, in the morning and afternoon, for 5 min each. As fatigue by chewing performance and psychological pressure from chewing at a set rhythm were anticipated, the participants were instructed to chew at the defined rhythm for the first 2 min and then chew freely for the remaining 3 min.
Evaluation items
The following items were evaluated before and after GCE-S and GCE-H periods (Fig. 1) . All measurements were carried out at approximately 14.00 hours.
Amount of mucosal moisture
The level of mucosal moisture on the dorsum of the tongue was measured with an oral moisture checking device (Mucus; Life, Saitama, Japan). 15 According to the manufacturer, a measurement 30 or more was considered as normal, 29-29.9 as borderline, 27-28.9 as somewhat dry, 25-26.9 as moderately dry and less than 25 as severely dry. Moisture level was measured three times at each assessment, and the mean value was used for statistical analysis.
Amount of resting saliva secretion
The amount of resting saliva secretion was measured by the cotton method, whereby a cotton roll was placed onto the floor of the mouth at rest and removed after 30 s. 16 Resting saliva secretion was defined as the difference in weight (g) of the cotton roll before and after placement into the mouth. The mean value of three trials was used for statistical evaluation.
Occlusal force and occlusal contact area
Occlusal force and occlusal contact area were measured using a Dental Prescale system (50H type R; GC, Tokyo, Japan). Participants were instructed to sit on a chair with their head in a Frankfort horizontal plane position and then occlude on a Dental Prescale near the intercuspal position. 17 Occlusal force and contact area were visualized with an image scanner, after which concentration and area of the colored region were converted to occlusal force (N) and occlusal contact area (mm 2 ) values, respectively.
Statistical analysis
Changes in mucosal moisture, resting saliva volume, occlusal force, and occlusal contact area before and after GCE were compared using non-parametric statistical multiple comparison test (Friedman test). We used the Holm's correction for multiple comparisons if Friedman test results were significant. All statistical analyses were carried out using IBM SPSS version 21.0 software (SPSS, Chicago, IL, USA). The critical value for rejecting the null hypothesis was set at P < 0.05.
Results

Mucosal moisture
Mucosal moisture level of after GCE-S was not significantly higher than that of before GCE-S (P = 0.24). However, mucosal moisture level of after GCE-H was significantly higher than that of before GCE-S (P = 0.04) and before GCE-H (P = 0.04; Table 3 ).
Resting saliva secretion
The value of resting saliva secretion (g) of after GCE-S was significantly higher than that of before GCE-S (P = 0.03). After a 2-week rest period, however, the value of resting saliva secretion of before GCE-H was significantly lower than that of after GCE-S (P = 0.03). The value of after GCE-H was significantly higher again than those of before GCE-S (P = 0.02) and before GCE-H (P = 0.04; Table 3 ).
Occlusal force and occlusal contact area
Six participants (50%) wore dentures, and all participants had bilateral posterior occlusion with either dentures or their own teeth. The value of occlusal force (N) of after GCE-S was slightly higher than that of before GCE-S, but with no significant difference (P = 0.17). After 2 weeks of rest, occlusal force remained the same (P = 0.48), but after GCE-H, it increased slightly again (P = 0.18). Occlusal force at the last measurement point (i.e. after GCE-H) was significantly higher compared with that of the first measurement (i.e. before GCE-S; P = 0.04) ( Table 4 ). The value of occlusal contact area (mm 2 ) did not vary significantly throughout the trial period (Table 4) . 
Discussion
The present study showed that a 2-week GCE regimen significantly increased mucosal moisture, saliva secretion and occlusal force in a community-dwelling elderly population. Previous studies have also reported that gum chewing raises saliva secretion and occlusal force in healthy young adults. 8, 10, 18, 19 Thus, our findings support the possibility that GCE might enhance these clinical features in frail elderly individuals as well. Figure 1 Protocol of gum chewing exercises (GCE) and measurement of oral function. Gum chewing exercise with a soft gum (GCE-S) was carried out for 2 weeks. After a 2-week rest period, gum chewing exercise with a hard gum (GCE-H) was carried out for 2 weeks. Oral function was measured before and after each GCE period. Earlier studies on gum chewing have mainly been carried out using healthy young adults, but few have examined the effect of gum hardness on chewing performance. 10, 18, 19 Plesh et al. reported that an increase in gum hardness was associated with an improvement in masticatory muscle activity in young adults. 8 The present results showed that resting saliva secretion was significantly increased by both GCE-S and GCE-H, and occlusal force was significantly increased by GCE-H. These suggested that gum chewing of the communitydwelling older adults was effective in saliva secretion regardless of gum hardness similar to healthy young adults. In contrast, constant gum hardness was necessary for improvement of the occlusal force for elderly individuals. As frail aged individuals often have deteriorated occlusal force, GCE can be started with the soft gum and then switched to the hard gum when they were used to gum chewing.
Mucosal moisture and saliva secretion
Saliva is secreted after stimulation, such as food intake, conversation and chewing, as well as in small amounts at rest. 20 We observed that mucosal moisture level of before GCE were 27.8 (median). According to the manufacturer's instructions of the measuring device of the mucosal moisture, values of 27-28.9 indicate a little dryness of the oral mucosa. Saliva secretion in older adults is often influenced by several factors, such as salivary gland disorders, systemic diseases or medications. 3 The participant might have substantial dry mouth, but is not aware of it. In the present study, mucosal moisture on the dorsal surface of the tongue was significantly increased after GCE-H, and resting saliva was significantly raised by GCE trials. The secretion of stimulated saliva is known to increase with gum chewing. 21, 22 Furthermore, the present findings show that GCE may also increase resting saliva secretion. The mechanism of this enhancement could not be determined with the current study design, but we suspect that continuous daily gum chewing increases stimulated saliva secretion and subsequently upregulates resting salivary gland function.
After the resting period following GCE-S, resting saliva secretion had returned to baseline values, suggesting that the effects of GCE might weaken if stopped. Comparably, when mice were given a diet that did not require chewing for 2 weeks, salivary gland weight, cell number and saliva secretion were all significantly reduced. 23 Our findings showed that the drop in enhanced resting saliva secretion noted after the 2-week rest period was caused by the absence of GCE.
We witnessed that whereas occlusal contact area did not change in the present study, occlusal force was significantly increased after GCE-H. In general, the amount of skeletal muscle in the four limbs and trunk diminishes with age. 7 This decrease is associated with muscle fiber atrophy and a fall in the number of muscle fibers, the latter of which becoming particularly more pronounced with age. 7 A continuous and rhythmic exercise program can alleviate the reduction in muscle fibers in older adults. 24 Similarly, our findings suggest that regular daily GCE with gum of the hardness above a certain level might increase the strength of the masticatory muscle group in frail older adults by decreasing the rate of reduction in muscle fibers.
We observed that saliva secretion had decreased significantly to baseline levels after 2 weeks of rest after GCE-S. Thus, GCE in older adults appears to be effective only if it is continuously carried out. Daily gum chewing is also generally not accepted among older adults; it might be difficult to have participants habitually chew gum, despite its benefits, because of social pressure. Further studies are required to determine the optimal physical properties and flavors for broader acceptance by the elderly population.
Through chewing exercises using newly developed soft and hard gums, mucosal moisture and resting saliva secretion were significantly increased, and occlusal force was improved in elderly participants. These results of the present pilot study suggest that occlusal force can be raised and xerostomia might be alleviated in older adults using GCE. Improvements in resting saliva secretion and occlusal force might also contribute to the prevention of malnutrition and maintenance of QOL in frail older adults.
